Introduction
============

A recent report from the National Lung Screening trial showed a significant 20% reduction in lung cancer mortality among those screened with low-dose spiral computed tomography (CT) compared to chest radiography.[@b1-ott-7-1343] Today, with multislice spiral CT widely available, increasing numbers of small pulmonary nodules have been identified in higher-risk surgical patients. In 1993, Video-Assisted Thoracic Surgery (VATS) lobectomy was first described by Kirby et al[@b2-ott-7-1343] for the treatment of early stage non-small-cell lung cancer and benign nodules. It has been proven safe, minimally invasive, and radical in the decades since. Roviaro et al[@b3-ott-7-1343] reported the first case of VATS segmentectomy in 1993.

During the past decade, thoracoscopic lobectomy has gained popularity, whereas thoracoscopic segmentectomy has continued to be an area of controversy because of the complexity of the procedure and the fear of increased local recurrence.[@b4-ott-7-1343] However, numerous published studies suggest the outcomes of VATS lobectomy and segmentectomy procedures for clinical stage I non-small-cell carcinoma (NSCLC) were equivalent for early-stage NSCLC patients.[@b5-ott-7-1343],[@b6-ott-7-1343] There is still a lack of published studies examining the short-term effect after VATS segmentectomy relative to that after VATS lobectomy, especially in the People's Republic of China. We retrospectively analyzed 82 cases under thoracoscope, including 21 patients who underwent VATS segmentectomy and 61 who underwent VATS lobectomy. On follow-up, the efficacy, safety, benefits, and limitations of VATS segmentectomy and VATS lobectomy were compared for all patients.

Material and methods
====================

Participants
------------

For this retrospective study, the data were actively collected from the medical records of patients with small-sized stage IA NSCLC (≤3 cm) treated at the Cangzhou Central Hospital, Third Xiangya Hospital, and Tianjin General Hospital, from Jan 2011 to Dec 2012. Patients had undergone either VATS segmentectomy or VATS lobectomy. Patients' physical status and comorbidities such as cardiovascular disease, pulmonary disease with low pulmonary function, and tumor diameter were considered when selecting the appropriate surgical procedure.

Before the treatment, patients' liver and renal function, tumor markers, and blood coagulate functions were tested. Routine examinations such as urinalysis and blood count were completed. Cranial CT, abdominal CT, or ultrasound, emission computed tomography, or positron emission computed tomography were performed in order to confirm the absence of distant metastases. To those patients with pure ground-glass opacity or nodes too small to locate intraoperatively, the position was fixed under CT and marked by hook wire after puncture.

Operative technique
-------------------

The patients were placed in the lateral decubitus position for thoracotomy. The procedures were performed under general anesthesia with single-lung ventilation. The surgeon was positioned on the anterior side of the patient. All procedures were conducted under video vision without direct vision or rib spreading. Three incisions were used in all patients. A 10 mm, 30-degree thoracoscope through a thoracoscopic port was placed in the anterior axillary line in the eighth intercostal space. Two additional access incisions were placed in the fourth or fifth intercostal spaces in the anterior and posterior axillary lines, according to the position of the tumor. The operative technique of thoracoscopic lobectomy was similar to that of previous reports.[@b7-ott-7-1343] Segmentectomy was performed with resection of the segmental artery, intersegmental vein, and segmental bronchus, respectively, and the intersegmental lung parenchyma was divided using an automated suturing device or with electrocautery.[@b5-ott-7-1343] In most VATS segmentectomies, the segmental bronchus was clamped to check reventilation before stapling. The parenchymal surgical margin for all thoracoscopic segmentectomies was at least 2 cm. Systemic lymphadenectomy was performed in both groups.

Outcome measures
----------------

Operating time, intraoperative blood loss, number of lymph nodes dissected, postoperative drainage time, hospital stay, complication rate, local recurrence, and death rate were assessed.

Statistical analyses
--------------------

Statistical analysis was performed using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). All data are expressed as mean ± standard deviation. Differences between groups with continuous variables were assessed by chi-square test or the Fisher exact test. Statistical significance was accepted as *P*\<0.05 throughout the study.

Results
=======

Eighty-two patients who underwent either VATS segmentectomy or VATS lobectomy for NSCLC were examined in this study. Of the 21 patients from segmentectomy group, eight were male and 13 were female, with an average age of 56 years. Of the 61 patients from the lobectomy group, 23 were male and 38 were female, with an average age of 51 years. In the segmentectomy group, 18 of the tumors were adenocarcinomas and three were squamous cell carcinomas. In the VATS lobectomy group, 55 tumors were adenocarcinomas, five were squamous cell carcinomas, and one was a squamous adenocarcinoma. No down-staged case appeared in this study. Patient characteristics and tumor location details are shown in [Tables 1](#t1-ott-7-1343){ref-type="table"} and [2](#t2-ott-7-1343){ref-type="table"}.

No conversion or reoperation to thoracotomy was performed in any of the 82 patients. No atelectasis, lung infection, air leaks, arrhythmia, or death during the perioperative period occurred. Patients from both groups were discharged from hospital after complete recovery. There was no significant difference between the anatomic segmentectomy group and lobectomy group in average surgery time, postoperative drainage time, and number of lymph nodes dissected (*P*\>0.05). The segmentectomy group showed a faster recovery, including significantly reduced blood loss and length of hospital stay (*P*\<0.05) ([Table 3](#t3-ott-7-1343){ref-type="table"}).

The postoperative complications in the segmentectomy group included atrial fibrillation (n=1) and respiratory failure (n=1). In patients with lobectomy, atrial fibrillation (n=2), respiratory failure (n=1), pneumonia (n=1), and vocal cord paralysis (n=1) occurred. The two groups showed similar postoperative complication rates, at 9.5% in patients who underwent segmentectomy and 8.2% in patients who underwent lobectomy.

Follow-up was completed for all patients, with a median of 1.5 years (range, 3 months to 2.5 years). Local recurrences were documented: one (4.8%) in the group that underwent segmentectomy and two (3.3%) in the group that underwent lobectomy. After 6 months of follow-up, the one patient with a local recurrence in the segmentectomy group had a marginal recurrence in left S6, but no lymph node recurrence appeared. In the lobectomy group, a patient who underwent right upper-lobe lobectomy had a chest CT scan at a one-year follow-up that showed right hilar lymph node enlargement, which is highly suggestive of lymph node metastasis. Another patient in the lobectomy group underwent left upper-lobe lobectomy, and at a 1.5 year follow-up, a chest CT scan showed two small nodules in the left lower lobe, suggesting metastasis. Local recurrence rates were similar between the two groups (*P*\>0.05). No distant recurrences were reported. Only one patient in the thoracoscopic lobectomy group died because of heart disease during the follow-up period. The overall estimated 1-year survival rate for the entire study population was 98.8%. There was no significant difference between the two groups in 1-year survival (*P*\>0.05).

Discussion
==========

One advantage of segmentectomy over lobectomy is that it spares pulmonary parenchyma. Therefore, in some scenarios in which wedge resection cannot provide an adequate operation, segmentectomy may be the most feasible surgical option for patients with pulmonary carcinoid or malignant tumors. However, as for primary lung cancer, the practical value of sublobar resection remains controversial. In 1995, a randomized trial performed by Ginsberg and Rubinstein[@b8-ott-7-1343] showed that there was a significant threefold increase in the locoregional recurrence rate for the limited resection group, compared with the lobectomy treatment group. For these reasons, sublobar resections have been used as parenchymal sparing procedures in patients with significantly reduced pulmonary function. However, in the 1995 report a high percentage of patients in the sublobar resection group (32.8%) underwent a wedge resection. None of the data stratified by tumor diameter was further analyzed.[@b8-ott-7-1343]

Due to the dramatic development of radiographic technology, the diagnosis of small-sized peripheral NSCLC has been widely improved. Recently, several studies have revealed that for stage IA disease (≤2.0 cm), there was no significant difference between anatomic segmentectomy and lobectomy groups in long-term effects, demonstrating an 83.0%--96.7% 5-year survival of the former.[@b6-ott-7-1343],[@b9-ott-7-1343]--[@b12-ott-7-1343] The National Comprehensive Cancer Network guidelines suggest that anatomic segmentectomy is an option in some cases of early-stage peripheral pulmonary cancer. The criteria are as follows: first, patients with a comorbid disease or decreased cardiopulmonary function that may not tolerate lobectomy; second, tumors ≤2 cm, with one of the following conditions: adenocarcinoma in situ; ground-glass opacity ratio ≥50%; or CT follow-up showed a doubling time ≥400 days. To define whether or not segmental resection can be applied in a broader sense, we are looking forward to the results of two ongoing prospective randomized trials of lobar versus sublobar resection in patients with small peripheral NSCLC (≤2 cm).[@b13-ott-7-1343],[@b14-ott-7-1343]

Thoracoscopic segmentectomy has produced smaller trauma, less postoperative pain, and better functional results.[@b6-ott-7-1343] Previous research has shown that, as for stage IA NSCLC, the VATS segmentectomy showed no significant difference compared with lobectomy in terms of the number of groups undergoing lymph node resection, number of harvested lymph nodes, local recurrence, and survival rates.[@b15-ott-7-1343],[@b16-ott-7-1343] Compared with wedge resection, segmentectomy produced adequate margins, better lymphadenectomy between pulmonary lobes, lower recurrence rates, and a better 5-year survival rate.[@b17-ott-7-1343]

Our contrastive study comparing segmentectomy and lobectomy (21 patients versus 61 patients) demonstrated that no extensive bleeding occurred and no conversion to thoracotomy was performed. The VATS segmentectomy group experienced reduced blood loss and faster recovery, causing shorter hospitalization and higher bed rotation and utilization rates. The postoperative complication rates, local recurrence rates, and 1-year survival rates were similar between the two groups. Thus, we can conclude that VATS segmentectomy shares the advantages (minimally invasive, safe, radical) of lobectomy in the treatment of solitary pulmonary nodules, with decreased blood loss and shorter hospital stays. It preserves long-term respiratory function in a minimally invasive way.[@b18-ott-7-1343]

The limitations of our study include the retrospective analysis and inherent differences in the tumor size and follow-up period between the two groups. Since there was no randomization in this study, selection bias by surgeons was possible. Another limitation is the relatively short period of follow-up to observe differences in local recurrence and overall survival between the two methods. Longer follow-up and increasing the number of patients in both groups may help us to further confirm these results.

Conclusion
==========

VATS segmentectomy could be performed safely and is a method with a favorable 1-year survival. It may be the ideal surgical procedure for patients with solitary pulmonary nodules in early-stage lung cancer, especially for those with limited cardiopulmonary reserve or significant comorbidities.

**Disclosure**

The authors report no conflicts of interest in this work.

###### 

Clinical characteristics of the patients

  Variable[\*](#tfn1-ott-7-1343){ref-type="table-fn"}   VATS procedure   *P*-value    
  ----------------------------------------------------- ---------------- ------------ ------
  Age, years                                            56.0±4.0         51.0±6.5     0.18
  Sex                                                                                 0.03
   Male                                                 8 (38.1%)        23 (37.7%)   
   Female                                               13 (61.9%)       38 (62.3%)   
  FEV~1~, %                                             71.5±4.68        73.2±6.2     0.11
  DLCO, %                                               75.0±4.3         76.2±3.8     0.15
  Comorbidity                                                                         
   COPD                                                 3 (14.3%)        8 (13.1%)    0.81
   Hypertension                                         3 (14.3%)        2 (3.3%)     0.11
   Diabetes mellitus                                    2 (9.5%)         9 (14.8%)    0.71
   Stroke                                               1 (4.8%)         1 (1.6%)     0.63
   Coronary artery disease                              2 (9.5%)         1 (1.6%)     0.18
   Renal dysfunction                                    1 (4.8%)         0 (0%)       0.12
  Tumor size, cm                                        1.2±0.3          1.5±0.4      0.68

**Note:**

Continuous variables are presented as mean ± standard deviation and categorical variables as number (%).

**Abbreviations:** COPD, chronic obstructive pulmonary disease; DLCO, diffusion capacity of the lung for carbon monoxide; FEV~1~, forced expiratory volume in 1 second; VATS, video-assisted thoracoscopic surgery.

###### 

Location of the tumor

  Variable            Number of VATS procedures   
  ------------------- --------------------------- ----
  Left upper lobe     4                           11
   S1 + S2            0                           0
   S3                 1                           0
   Upper division     1                           0
   Lingua             2                           0
  Left lower lobe     3                           7
   S6                 3                           0
   Basilar            0                           0
  Right upper lobe    7                           23
   S1                 2                           0
   S2                 4                           0
   S3                 1                           0
  Right middle lobe   0                           6
  Right lower lobe    7                           14
   S6                 7                           0
   Basilar            0                           0

**Abbreviations:** S, segment; VATS, video-assisted thoracoscopic surgery.

###### 

Patient recovery and follow-up

  Variable[\*](#tfn4-ott-7-1343){ref-type="table-fn"}   VATS procedure   *P*-value   
  ----------------------------------------------------- ---------------- ----------- ------
  Surgery time, hours                                   2.8±0.3          2.6±0.3     0.24
  Lymph nodes resected, number                          10.3±5.1         13.1±6.2    0.13
  Blood loss, mL                                        170±110          230±130     0.04
  Chest tube duration, days                             3.5±0.6          3.8±0.7     0.18
  Postoperative stay, days                              6.8±1.1          8.3±1.0     0.03

**Note:**

Continuous variables are presented as mean ± standard deviation.

**Abbreviation:** VATS, video-assisted thoracoscopic surgery.
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